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Radiation Shielding Evaluation Reference

NCRP 49 NCRP 116 NCRP 147

Design Goal, P
_ Controlled Area Uncontrolled Area

NCRP-49 50 MGY/Y

1976 =1 MGY/WK

Fraction (=) of
NCRP-116’s 10 mGy/y
NCRP-147 |lmmit for new operations
2004 =5 mGy/y (~matches =0.02 mGy/wk
fetal dose limit)
= 0.1 mGy/wk

Factor of 10 Factor of 5
decrease decrease
38
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A comparison between NCRP reports
No.49 and 147

Iran. J. Radiat. Res., 2009; 6 (4): 183-188

Shielding evaluation of a typical radiography
department: a comparison between NCRP reports
No.49 and 147

l. Pesianian', A. Mesbahi*, A. Shafaee'

'Department of Radiology, Medical School, Tabriz university of Medical Sciences, Tabriz, Iran
2Department of Medical Physics, Medical School, Tabriz University of Medical Sciences, Tabriz, Iran
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Figure 3. The comparison of the required barrier thickness
based on three methods used in the current study.
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Full occupancy |Control space| wards, workrooms, orridors
T=1 large enough to hold desks, waiting rooms, rest rooms

used by occupationally exposed persennci, children’s play
areas. living quarters, occupied space in adjacent buildings
Partial occupancy oo narrow for desks, utility rooms, rest rooms

T=1/4 not used routinely by occupationally exposed personnel,

elevators run by operators, and uncontrolled parking lots

Occasional occupancy [Stairways] automatic[elévaiors]outside areas used only for
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I EHBEH(ZER
NCRP 49 Formulation 9. s (Scatter)sad (818 &)
3. #iB(Leakage )$#28+( 8| B &)

* Scatter & Leakage #54%t % & Stray
Radiation *

Pd? Pd?
-------- w=m) B = - wem)

o " WUOT WUT
1000P(d. . )2

* BLx(Lg) - TN (For Therapy equipment above 0.5MV
WT W/O target current meter)

*K
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4t # At A (8 ¥ R448)
30 45 60 90 120 135
X 4 ®
50 kv® 0.0005 0.0002 0.00025 0.00035 0.0008 0.0010
70 kV® 0.00065 0.00035 0.00035 0.0005 0.0010 0.0013
100 kV°® 0.0015 0.0012 0.0012 0.0013 0.0020 0.0022
125 kV® 0.0018 0.0015 0.0015 0.0015 0.0023 0.0025
150 kV® 0.0020 0.0016 0.0016 0.0016 0.0024 0.0026
200 kV° 0.0024 0.0020 0.0019 0.0019 0.0027 0.0028
250 kV° 0.0025 0.0021 0.0019 0.0019 0.0027 0.0028
300 kV° 0.0026 0.0022 0.0020 0.0019 0.0026 0.0028
4 MV© - 0.0027 = — - -
6 MV* 0.007 0.0018 0.0011 0.0006 - 0.0004
e g St £
el 0.0065 0.0050 0.0041 0.0028 — 0.0019
Mot 0.0060 0.0036 0.0023 0.0009 1 0.0006
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NCRP 49

Structural Shielding Design and Evaluation for Medical Use of X-Rays and
Gamma-Rays up to 10 MeV ( £ &t %)

10'

1q"

R/ma-min at 1m

I
1

| |

K, R/ma-min at 1 meter

10

T YT

F1GURE 10.12. Broad-beam attenuation

in lead of X-rays produced by potentials

of 50 to 200 kV peak. The measurements 10t
were made with a %° angle between the
electron beam and the axis of the pulsed
wave form X-ray beam. The 50-, 70-, 100-,
and 125-kVp X-rays were filtered with 0.5-
mm aluminum; the 150- and 200-kVp X-
rays were filtered with 3-mm aluminum. 10
{From Radiological Health Handbook, o 1 2 J 4 > % 7

1970.) o Lead, mm thick pH I ll ps

T




B transmission

B.2 COMPUTATION OF SECONDARY PROTECTIVE BARRIERS / o7
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Fig. B-3. Relation between the transmission, B,, or B,;, and the number of }2lf-
value layers, N, or tenth-value layers, n.
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\,—t
\

~ 17

¥ R AR

S5 (85 &, a5 3% 38)

SRR

7J( e
R BR4h (d pleted uranium)
=]
A @x?ﬁ ( an A )
18 K| 2ok | EEL | ZEREL B #h 7 i
E/gems | 10 | 12 2.2 3.2 88 | 114 | 191 | 19.0
I RN F{H/= B /mm
10keV 2 | 09 0.4 0.12 0.04 | (0.004) | / /
20keV 23 | 39 14 0.5 0.16 | (0.009) | (0.006) | /
50keV 2 | 17 10 2.3 0.8 | 0.035 | 0.012
100keV | 68 | 38 25 8.0 27 |Co38))| 014 | 0.065
200keV | 100 | 65 44 17 8.3 , 0.65 | 038
500keV | 140 | 100 64 31 16 5.6 32 | 23
1970 150 | 110 68 35 18 8.0 45 | 34
1MeV 160 | 120 75 42 22 1 88 | 6.1
“Co 170 | 140 80 45 24 12 90 | 82
IMeV | 200 | 150 92 54 27 16 2 | 10
SMeV | 230 | 190 | 110 67 30 17 3 | 10
10MeV | 280 | 220 | 130 72 30 17 13 | 10
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0.0000005*40*100 = 0.002

NCRP 49 :+ &

2. K L FPHILIFS ALLLUKA XPERK FDLW IO X dn 55 5k §5 48
PRI iEA W 102500 |mA*MinWeek 25 patient/day*(16mA *20min+600mA*5 = *10sec/ & )*5day/week
4 ¥ BEstE: B,.=P*D'/WUT
In=| 125000 |mA
5. 88t E: B =P*D'*600*I/WT

4= 10]a
F,. =cm*::m (35%39)
a=[_0.00150 [(125KVp. 90°)

6. B4t ai B K, =P*D'=d'*400/aWTF

-

EHEER: 125 KV

NCRP 40 Table B-2

TR EEAETHEES| P=004|RAveek 10uSvwh ImR =10 uSv
A4 8] A A v T 8 R 3 & | P=0.002|Riweek  0.5uSv/h
1#M ICRP 60 Report:® & # # 5 7+ 4 i%100mSv Top ARt
125 200 028
cm mm NCEP 48 Table C-27

8 B Es Ewe:

F-"-H,ly FE A1 'iﬂ LL&E*J’IJ’JFE-‘.&* #

i, EAEC(Auto Exposure Contml}i}; i, XJL ¥ 'E -% g
1§.3% 3 % (Image recepton) $1-% MMM B L 54 R MRS -

47

Al - dea b 0002 025 1.00 34  90E-07 0.17 756 4.9E-05
S BEE FEHE - Sotee e e
TR EAE FAERE 0.72 2 8 mmPb
Big : f=d % 0.002 0.25 1.00 43 14E-06 0.26 1.92 1.7TE-03
= JF i ] e - - s
TREEE (KT) * j;‘f'f, 0.54 27mmPb] 2 7 mmPh
Cih : 5 0.002 0.25 1.00 5] 2 UE-D-S 0.38 1.40 1.1E-04
KRB EHE - ———— e ————— PHILIPS
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NCRP 49 &2

— S A
e T
EAERN:
e R IR
F.S.DEXF.F.D:
2 T
TR ER RN (o)
D=
D,-
=R RSN EE: (cm)
D=
D=
9 : TfFEk: =
fERAEY - U=
U=
EiEEE - e A
T, =
SToimEk - e~
P -
RN f=PxD/WxUxT
K“- -
Kn:b -
K“E -
Ku:d. -
Ku. -
Kyxs =
HealthCare

125

3.3E-06
2.7E-06
2.4E-06
2.4E-06
1.6E-06
1.8E-06

KVp

mA

sec

cm

cm’

, Dy= 503.0

s D= 406.0

s Dap= 427.0

s Dgg= 330.0

mA X 6

mA-min/week

s U= 1

s Ug= 1

s Tp= 1

s Tg= |

P 0.002

y Pg= 0.002
= 4.0
= 4.1
= 4.2
= 4.2
=b 4.4
= 4.3

, D= 472.0
.Dg— #N.Irﬁ
s Dp= 396.0
yDu=  ENIA
13 2

, U= 1

s Ug= #NIA
ch- 1

rTg.'- m[.‘
I'Pg- 0.“:'2
(B~ ENIA
mafl} => 44.2
medt = 44.9
mdt = 45.6
madt == 45.6
madt = 47.7
mit = 47.0

le-

r Dpa™
I X

rUJ"

4710 |,

395.0

75

31.0
31.5
32.0
32.0
33.5
33.0

£/'8x 0.017 H/#

cmiC
cmiC
cmRC
cmiC
cmiC
cmRC
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NCRP 147 Suggestion

TABLE 4.6—Equivalent thickness of primary beam preshielding (xye)
(Dixon, 1994).2b

Xppe (In MM)
Application
Lead Concrete Steel
Image receptor in radiographic table 0.85 72 7

or wall-mounted cassette holder
(attenuation by grid, cassette, and
image-receptor supporting structures)

Cross-table lateral (attenuation by 0.3 30 2
orid and cassette only)

4Since patient attenuation is ignored, potential variations in image-receptor
attenuation from different manufacturers is not a significant factor.
bCaveats for the use of preshielding are discussed in Section 4.1.6.2.
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NCRP 147 Suggestion

Dedicated chest  Chest-bucky wall Primary
room

All other barriers Secondary
Cardiac All barriers Secondary
Angiography
Peripheral All barriers Secondary
angiography®
Mammography  All barriers Secondary
Computed All barriers Secondary
tomography

Table 4.5

Table 4.7

Table 4.7

Table 4.7

Table 4.7

Section 5.5

Section 5.6

Figure B.2,
Table B.1

Figure C.2,
Table C.1

Figure C.2,
Table C.1

Figure C.2,
Table C.1

Figure C.2,
Table C.1

Figure A.2

Figure B.3,
Table B.1

Figure C.3,
Table C.1

Figure C.3,
Table C.1

Figure C.3,
Table C.1

Figure C.3,
Table C.1

Figure A.3

Figures B.4 —
B.6,
Table B.1

Figures C.4 —
C.7,
Table C.1

Figures C.4 —
C.17,
Table C.1

Figures C.4 —
C.17,
Table C.1

Figures C.4 —
C.7,
Table C.1

%1n this Table, the resources cited for peripheral angiography also apply to neuroangiography.
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NCRP 147 Suggestion - Mammo

by the patients. Hence, only secondary radiation need be consid-

ered for mammography rooms.

1.

standard gvpsum wallboard construction is usuallv ade-

quate to shield the walls of a typical mammography facil-
Tty, but the required thickness of the gypsum wallboard
should be determined by the qualified expert as illustrated
above;

additional shielding is usually not required in the wall or

door behind the patient due to 2elf-shielding by the body of

the patient:

. solid-core wooden doors (eg., American Woodwork Insti-

tute Type PC5, 43 mm thick doors) leading to corridors
outgide a mammographic room may provide adequate
shielding. However, standard wooden doors mayv not be
aufficient if the sghielded area has significant occupancy.
The adequacy of a standard thickness, solid-core wooden
door should be demonstrated by the qualified expert;

astandard concrete construction provides adequate barriers

above and below mammographic tacilities, and

[ 4

. lead-lined walls and doors are usually not required.

HealthCare

***1 mm Lead is Enough.
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NCRP 147 - M sp& s |

Pd*

& 1512 £ BFigd. ba, Figd. be, Figd. 6a, Figd. 6¢
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NCRP 147 Formulation 3+ &£ 2
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TABLE 4.5—Unshielded primary ai)f kerma per patient {Kll;. (in mQGy
patient1)] for the indicated workload (W, (mA min patient 1)] and
workload distribution, normalized to primary beam distance dp = 1 m.

|

Workload Distribution® Whorm K»

(mA min patient™1)P« (mGy patient™1)d

Rad Room (chest bucky) 0.6 2.3
Rad Room (floor or other 1.9 5.2
barriers)
Rad Tube (R&F Room) 1.5 5.9
Chest Room 0.22 1.2

HealthCare PHILIPS



TABLE 4.7—Unshielded leakage, scattered and

total secondary air kermas :’IJIL mGy patient™Y) for the indicated workload distri-

butions at dg = di,= 1 m. The workload distributions and total workloads per patient (W, /) for the indicated clinical sites are

the average per patient surveyed by AAPM TG9 (Simpkin, 1996a), listed in Table 4.2. The primary field size F (in cm?) is known

at primary distance dg. Side-scattered radiation is calculated for 90 degree scatter. Forward- and backscattered radiations are
calculated for 135 degree scatter.® Leakage radiation technique factors are 150 kVp at 3.3 mA to achieve 0.876 mGy h~!
(100 mR h™Y) for all tubes except mammography, which assumes leakage radiation technique factors of 50 kVp at 5 mA.

Unshielded Air Kerma (mGy patient™!) at 1 m

Leakage
Leakage
Woorm Side- and Side- Forward/ i
Workload (mA min F (ecm?) at dg (m) Leakage Forward/
i, S Scatter Scatter Backscatter
Distribution patient™) e Backscatter
(%) I ye
sec (Ks'uec )
Rad Room 2.5 1,000 1.00 5.3 x 104 34x102 34x102 48x102%2 49x102
(all barriers)
Rad Room 0.60 1,5354 1.83 3.9 x 10 49x103 53x10° 69x103 T 1=
(chest bucky)
Rad Room (floor or 1.9 1,000 1.00 14x10% 23x102 23x102 33x102 3.3x102
other barriers)
Fluoroscopy Tube 13 730¢ 0.80 12x102 31x10! 832x101! 44x10! 46x 10!
(R&F room)
Rad Tube 15 1,000 1.00 94x10% 28x102 29x102 39x102 4.0 x 1072
(R&F room)
55 HealthCare pH I ll pS



NCRP 147

Structural Shielding Design for Medical X-Ray Imaging Facilities (2004)

| Transmission of Secondary Radiation |
1.0 —
HE S=5| through Pb =
== == € 553 L 0 i i =t e
2 N\ § jChest Room}
10" i N e -1 | | |
8 5 = Rad Room (chest ===
x '% = bucky wall) =
2 4 S XI‘\J\/\ f (Fluoro tube |
10 2 ; i L ~ i_(R&F room) l
s K = ==SS=S=ooaa=u ‘ [Radiog Tube%
& e 1 T 7 (B foom
- p i1 ”'C'. . i e | o SR . i i
7] ardiac 17 = 7
P4 L \ \\\ 1 e
g 107, L Angiography Jk 4B S ,\y\
w —_ il e B e —
= 6 =
© 4 o [ i - 7 - S
= 2 ——-‘T- —T Rad Room | | ! \{\ = [~ \\ L
10 ~* |\ | | (all barriers) | 1 ) e e {1 T
8 : T i 2 = == == =1
=5t SEESsam e ==
r T 117 Rad Ro¢gm = S %
{ ¥ | - 1
2 \ s /M ammo JL (floor/othjer barriers),l 71 o B I ! R
107" allt Ll bl s = e 1| B Wbt
g - === ! 17%’ S
4 — Peripheral o
o I =¥ = = [ = =
) T:"w.\ ] | Angiography il_
10°° L\l ! 5 e s e B
i B I UNRL I (B I I
0.0 0.5 1.0 1.5 2.0 25 3.0
Thickness (mm)
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NCRP 147 Formulation 3t &£ 2

ERia By 2

TABLE B.1—Fitting parameters for transmission of broad primary fc-ray beams to Equation A.2 (thickness x is input in

millimeters).
Lead Concrete? “(Ti ‘Sﬁ]li;]ar; d
Workload Distribution®
o(mm)  B(mm) y amm™)  B(mm) y a(mm™)  B(mm) y
Rad Room (all barriers) 2.346 1.500x 101 4982x 1071 3.626x102 1429x1071 4932x1071 1420x102 5781x102 T7.445x 107!
Rad Room (chest bucky) 2.264 1.308x 101  5.600x1071 3.552x102 1.177x 1071 6.007x1071 1278x1072 4.848x1072 8609 x 107!
Rad Room (floor or other ~ 2.651 1.656x 101  4585x1071 3.994x 102 1448x 1071 4231x1071 1679x102 6.124x102 T7.356x 107!
barriers)
Ffuorjoscopy Tube (R&F 2.347 1.267x101  6.149x1071 3616x102 0721x102 5186x1071 1.340x102 4283x102 8.796 x 1071
room
Rad Tube (R&F room) 2.295 1.300x 101  5573x1071 3.549x102 1.164x 107! 5774x 1071 1.300x102 4778x102 8.485 x 1071
Chest Room 2.283 1.074x 101  6.370x107! 3622x102 7.766x 1072 5404x 10”0 1.286x1072 3505x 1072 9.356x 107"
Mammography Room 3.060x10" 1.776x10> 3.308x10~1 2577x10"' 1.765 36441070 9.148x 1072 7.090x 1071 3.459 x 107!
Cardiac Angiography 2.389 1.426x101 5948x1071 3.717x 102 1.087x107! 4879x1071 1409x 102 4814x102 8419 x 107!
Peripheral Angiography® 2728 1.852x 101  4614x101 4202x102 1538x101 4236x1071 1.774x102 6.449x102 T.158 x 107!
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NCRP 147 Formulation 3t &£ 2

Bl a By 5#

TABLE C.1—Fitting parameters of the broad-beamlsecondary

mMiILLImeLers).

a

fransmission to Equation A.2 (thickness x is input in

Lead Concrete® Gypsum Wallboard
Workload Distribution®
o (mm™1) B (mm™1) y o (mm™1) B (mm™1) y o (mm™1) p (mm™1) y
30 kVp 3.879x 101 1.800x10%2 3.560x1071 3.174x1071 1.725 3.705x10~! 1.198x 107! 7.137x10! 3.703 x 1071
50 kVp 8.801 2728 x 101 2957 x 1071 9.030x102 1.712x10°! 2.324x10"! 3.880x 102 8730x10% 5.105x 107!
70 kVp 5.369 2.349x 10! 5.883x1071 5090x102 1.697x107! 3.849x107! 2.300x102 7.160x102 7.300x 107!
100 kVp 2.507 1533x100 9.124x107! 3.950x102 8.440x1072 5.191x107! 1.470x102 4.000x102 9.752 x 10~1
125 kVp 2.233 7.888 7.295x1070 3.510x102 6.600x102 7.832x1071 1.200x1072 2.670x102 1.079
150 kVp 1.791 5.478 5.678x1071 3.240x1072 7.750x 1072 1.566 1.040x 102 2.020x1072 1.135
Rad Room (all barriers)  2.298 1738 x 101  6.193x107! 3.610x102 1.433x107! 5600x107! 1.380x102 5700x102 7.937 x 107!
Rad Room (chest bucky)  2.256 1.380x 101 8837x107! 3560x102 1.079x107! 7.705x1071 1270x102 4.450x 1072 1.049
Rad Room (floor or other 2513 1.734x 101 4994x1071 3920x102 1.464x10"! 4.486x107! 1.640x102 6.080x102 7.472x 1071
barriers)
Fluoroscopy Tube (R&F  2.322 1291x100 7575x101 3.630x102 9.360x102 5.955x10 " 1.330x102 4.100x102 9.566x 10
room)
Rad Tube (R&F room) 2272 1.360x 10"  7.184x10' 3560x102 1.114x10 6.620x1071 1290x102 4570x102 9.355x 101
Chest Room 2.288 9.848 1.054 3.640x 1072 6.590x 1072 7.543x1071 1.300x 1072 2970x102 1.195
Mammography Room 2.991x101 1844x102 3550x107! 2.539x107! 1.8411 3.924x10°! 8.830x102 7.526x10°1 3.786 x 1071
Cardiae Angiography 2.354 1.494x 101 7.481x101 3.710x102 1.067x107! 5.733x107! 1.390x102 4.640x102 9.185x 107!
Peripheral Angiography?  2.661 1.954x 101 5.094x107! 4219x102 1559x1071 4472x107! 1.747x102 6.422x102 7.299x 107!
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